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Abstrat
The propagation of damage on the square Ising lattie with a orner geometry is studied by means of Monte
Carlo simulations. By imposing free boundary onditions at whih ompeting boundary magneti elds ±h
are applied, the system undergoes a lling transition at a temperature Tf (h) lower than the Onsager ritial
temperature TC . The ompeting elds ause the formation of two magneti domains with opposite orientation
of the magnetization, separated by an interfae that for T larger than Tf (h) (but T < TC) runs along the
diagonal of the sample that onnets the orners where the magneti elds of dierent orientation meet. Also,
for T < Tf (h) this interfae is loalized either lose to the orner where the magneti eld is positive or lose to
the opposite one, with the same probability.
It is found that, just at T = Tf (h), the damage initially propagates along the interfae of the ompeting
domains, aording to a power law given by D(t) ∝ tη.
The value obtained for the dynami exponent (η∗ = 0.89(1)) is in agreement with that orresponding to the
wetting transition in the slit geometry (Abraham Model) given by ηWT = 0.91(1). However, for later times
the propagation rosses to a new regime suh as η∗∗ = 0.40 ± 0.02, whih is due to the propagation of the
damage into the bulk of the magneti domains. This result an be understood due to the onstraints imposed
to the propagation of damage by the orner geometry of the system that ause healing at the orners where the
interfae is attahed.
The ritial points for the damage spreading transition (TD(h)) are evaluated by extrapolation to the ther-
modynami limit by using a nite-size saling approah. Considering error bars, an overlap between the lling
and the damage spreading transitions is found, suh that Tf (h) = TD(h).
The probability distribution of the damage average position P (lD0 ) and that of the interfae between magneti
domains of dierent orientation P (l0) are evaluated and ompared. It is found that, within the nonwet phase,
the average position of the damage lies slightly shifted from the interfae toward the side of the largest domain.
However, in the wet phase both P (lD0 ) and P (l0) are Gaussians exhibiting a single peak at the position of the
diagonal of the orner sample.
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1 Introdution
The interplay between ritial behavior and onnement is a hallenging topi in the eld of Condensed Matter
and Statistial Physis. In fat, the onnement of uids, polymers, magneti materials, et., by walls that interat
with the physial system, leads to the ourrene of very interesting phenomena suh as apillary ondensation,
wetting, orner wetting (lling), et. [1, 2℄.
Partiularly interesting is the ase of onnement in two dimensions (d = 2) lose to seond-order ritial
phenomena, due to the ourrene of strong utuations. Within this ontext the lassial Ising Model has been
taken as an arhetypial system for the study of apillary ondensation, wetting and orner lling by means of
analytial tehniques (apillary wave theories, transfer matrix method, et.) and extensive numerial simulations
[3, 4, 5, 6, 7, 8℄ (for a review see e.g. [9℄ and referenes therein).
Wetting is usually studied by using the strip geometry shown in Figure 1. In this ase, the presene of ompeting
magneti elds (h) along the onnement walls indues the formation of an interfae between domains where most
spins are pointing up and down. This interfae runs essentially parallel to the walls, and in a nite system, it
undergoes a loalization-deloalization "transition" that is the preursor of a true seond-order wetting transition
that takes plae in the thermodynami limit only (L→∞, M →∞). The phase diagram (i.e. the ritial urve in
the h− T plane, as shown in Figure 3) has been solved exatly by Abraham [3, 4℄, yielding
cosh(2hβ) = cosh(2K)− e−2K sinh(2K), (1)
where J > 0 is the oupling onstant, h is the surfae magneti eld, β = 1/kT is the Boltzmann fator, and
K = Jβ.
On the other hand, the study of orner lling is performed by using the geometry skethed in Figure 2, where
the ompeting magneti elds are applied at opposite orners. The study of this lling transition under equilibrium
onditions has reently attrated growing attention [10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38℄. Also, the lling transition upon the irreversible growth of a magneti system
has very reently been studied [39℄. In both ases, the ourrene of an interfae is due to the presene of ompeting
elds. The loalization-deloalization transition of the interfae in a nite system yields to a true seond-order
orner lling transition in the thermodynami limit (L → ∞). The analytial expression of the equilibrium phase
diagram was early onjetured by Parry et al [22℄ and more reently proved rigorously by Abraham and Maiolek
[25℄, yielding
cosh(2hβ) = cosh(2K)− e−2K sinh2(2K). (2)
The ritial urve is presented in Figure 3, showing that for a given surfae magneti eld, the lling transition
takes plae at a lower temperature than the wetting transition, exept of ourse for h = 0, where both urves
onverge to the Onsager ritial temperature of the Ising Model (TC).
In previous work we showed that the presene of interfaes between magneti domains of dierent orientations,
suh as those observed lose to the wetting transition, favors the propagation of perturbations in magneti materials
[40, 41, 42℄. A standard tehnique frequently used to study the propagation of perturbations is the measurement
of the Hamming distane or Damage (D(t)), given by
D(t) =
1
2N
N∑
l
∣∣SAl (t, T )− SBl (t, T )∣∣ , (3)
where the summation runs over the total number of spins N , and the index l (1 ≤ l ≤ N) is the label that identies
the spins of the ongurations. SA(t, T ) is an equilibrium onguration of the system at temperature T and time
t, while SB(t, T ) is the perturbed onguration that is obtained from the previous one just by ipping few spins
[43, 44℄. In order to further ontribute to the understanding of the propagation of perturbations in magneti
materials and to larify the role played by both the interfaes and the onnement geometry, the aim of this work
is to report an extensive omputer simulation study of damage spreading lose to the orner lling transition of the
d = 2 Ising Model. Furthermore, the obtained results will be disussed within the ontext of our urrent knowledge
of the orner lling transition [29℄ and ompared with our previous studies of damage propagation in the strip
geometry where a wetting transition is observed [40, 41, 42℄. While in both ases one has utuating interfaes
due to the presene of ompeting elds, the geometries used are quite dierent (see e.g. Figures 1 and 2 for the
sake of omparison), so we expet that this situation will help us to ontribute to the understanding of the eet of
onnement on the properties of interfaes and the propagation of damage along them.
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This manusript is organized as follows: in Setion II we desribe the orner wetting transition and the Monte
Carlo simulation method. In Setion III we present and disuss the obtained results. Finally, the onlusions are
stated in Setion IV.
2 Brief overview of the orner lling transition and the simulation method
The Hamiltonian (H) for the Ising Model in the orner geometry with ompeting short-range loal elds at the
boundaries, as skethed in Figure 2, is given by
H = −J
∑
<i,j,m,n>
σi,jσm,n − h
∑
i
σi,1 − h
∑
j
σL,j + h
∑
j
σ1,j + h
∑
i
σi,L, (4)
where σi,j = ±1 is the spin variable, J > 0 is the oupling onstant, and h is the magnitude of the surfae eld.
The rst summation runs over all spins, while the remaining ones hold for spins at the surfaes where the magneti
elds are applied (see also Figure 2) and h > 0 is measured in units of J .
It is very useful to disuss the lling transition of a avity by using the mapping between the Ising Model and
a Lattie Gas. So, by onsidering the transformation spin up ⇔ vapor, spin down ⇔ liquid, respetively, one has
that the deloalization of the interfae an be thought as the growth of a marosopi liquid layer wetting on the
substratum. Let us onsider a orner avity forming an angle ±φ with the horizontal axis, as shown in Figure
2. We further assume that the system is in ontat with the vapor phase of the bulk at a ertain temperature T
and hemial potential µ, so that at oexistene one has µ = µsat. Aording to (marosopi) thermodynami
arguments it has been shown [17℄ that omplete lling by the liquid is observed for T ≥ Tf , where Tf is the lling
temperature given by
θ(Tf ) = φ, (5)
where θ(Tf ) is the ontat angle of the liquid to the at substratum. Consequently, one has that Tf < Tw, where
Tw is the ritial temperature for the wetting of the plane by the liquid.
The ase studied here orresponds to φ = pi/4 (see Figure 2). The orner lling transition of the Ising Model
is of seond order, so one has power-law behavior of relevant quantities suh that the average interfae position in
the y-diretion (〈l0〉), the parallel (ξx) and perpendiular (ξ⊥) orrelation lengths (see Figure 2) that desribe the
utuations of the interfae in their respetive diretions, behave as follows
〈l0〉 ∝ ε
−βs ; ξ⊥ ∝ ε
−ν⊥ ; ξx ∝ ε
−νx , (6)
where ε = (hC(T ) − h) is the distane to the ritial urve, βs = 1 is the order parameter ritial exponent [45℄,
and ν⊥ = νx = 1 are the orrelation length exponents in the diretion perpendiular and parallel to the interfae,
respetively [29℄.
On the other hand, the probability distribution of the position of the interfae is given by
P (l0, ε) ∝
1
〈l0〉
P
(
l0
〈l0〉
,
ξ⊥
〈l0〉
)
, (7)
where the seond saling variable an be negleted lose to ritiality beause both 〈l0〉 and ξ⊥ diverge with the
same ritial exponent (see equation (6)). Furthermore, at ritiality and for L→∞, ε→ 0 one has [17℄
P (l0) ∝
1
〈l0〉
exp (−l0/〈l0〉), (8)
indiating that the probability of nding the interfae lose to the walls deays exponentially. For large enough
latties, equation (8) an be symmetrized so that
P (l0) ∝
1
2〈l0〉
[
exp
(
−l0
〈l0〉
)
+ exp
(
−(L− l0)
〈l0〉
)]
. (9)
All these equations hold for the loalized interfae below but lose to the ritial urve shown in Figure 3.
On the other hand, at the ritial point the distribution is expeted to be at [17℄, namely
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P (l0; ε = 0) =
1
L
, L→∞, (10)
so that the interfae an be loated at any plae with the same probability.
Above the lling transition the average position of the interfae lies along the diagonal of the sample with
〈l0〉 = L/2 [46℄, and then the distribution is a Gaussian given by
P (l0) ∝ exp
(
−
[l0 − 〈l0〉]
2
2ξ2
⊥
)
(11)
with ξ⊥ ∝ L
1
2
. For further details on the orner lling transition see [17℄ and referenes therein.
The spreading of damage in the orner geometry is studied by means of Monte Carlo simulations assuming the
Glauber dynamis. So, a randomly seleted spin is ipped with probability p(flip) given by [47℄
p(flip) =
exp(−β · △H)
1 + exp(−β · △H)
, (12)
where △H is the hange of the Hamiltonian given by equation (4) due to the attempted ip and β = 1/kT is the
Boltzmann fator. In order to set the time sale, we assume that during a Monte Carlo time step (ms) all spins of
the system (L× L in total) have the hane to be ipped one, on the average.
3 Results and Disussion
Simulations are performed on the square lattie of size L × L (64 ≤ L ≤ 2048) by using the geometry shown in
Figure 2 and by assuming open boundary onditions. Most simulations are performed by keeping the temperature
onstant (0.75 ≤ T/TC ≤ 0.95) and hanging the magnitude of the surfae eld (0.1 ≤ h ≤ 0.35). These ranges
for the parameters are seleted to avoid orretions due to the standard ritial behavior of the Ising magnet that
appear for T → TC and h→ 0.
The dynami behavior of the system is haraterized by measuring the total damage or Hamming distane
aording to equation (3) and the probability distribution of the distane between the damage interfae and the
orner P (lD
0
) (see Figure 2).
In order to obtain equilibrated ongurations, the ground-state onguration orresponding to T = 0 (all spins
pointing up) was annealed up to the desired set (h, T ) for 104 ms. Subsequently, initial damage was reated
by ipping the spins of the diagonal perpendiular to the interfae (i.e. along the vertial diretion in Figure 2)
aording to this general rule: if the magnetization of the whole sample is positive (negative), the up (down) spins
are ipped. Using this proedure, it is assured that the initial damage is always D(t = 0) ≤ L/2 [46℄. This kind
of perturbation reprodues the eet of a large magneti eld applied at the diagonal of the sample and pointing
away to the diretion opposite to the total magnetization.
Subsequently, the time evolution of the damage was reorded. Figure 4 shows plots of D(t) versus t obtained by
keeping T = 0.80TC onstant and varying the surfae eld h. The observed behavior resembles the results, already
published, orresponding to the wetting transition in a strip geometry [42℄. In fat, the short-time behavior of the
urves involves the healing of the damage initially reated in the bulk of the domains that takes plae up to t ∼ 50
ms. Subsequently, the propagation of the damage along the interfae beomes relevant. While for weak elds one
observes damage healing (e.g. h ≤ 0.35), by inreasing the eld the damage starts to propagate monotonially and
a power-law behavior of the form
D(t) ∝ tη, (13)
where η is an exponent, an be proposed as in the ase of the strip geometry [42℄.
The onset of a power-law divergene, for a sample of size L, is onsidered as the signature for a size-dependent
ritial behavior of the damage proess. In fat, as shown in Figure 5, the power-law behavior is observed at
slightly dierent surfae magneti elds when the size of the lattie is hanged. Moreover, simulations performed
using latties of dierent size onrm that the power-law behavior of the damage beomes more evident for larger
samples, as shown in Figure 5. These results antiipate that one would need to perform a proper extrapolation of
the data in order to obtain the atual ritial points in the thermodynami limit. Before takling this issue, let us
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rst disuss the behavior of D(t) as shown in Figure 5. An overview inspetion reveals that three dierent time
regimes an easily be distinguished, as follows:
1) During the short-time regime (t < tmin), the damage dereases monotonially reahing an absolute minimum
at tmin, whih only depends slightly on the lattie size (see dashed-dotted line in Figure 5). This behavior an be
understood by realling that the damage is initially generated along a diagonal line of the sample, in the diretion
perpendiular to the spin up-spin down interfae (see Figure 2). This initial ondition reates - almost linear -
damaged regions in the bulk of well-ordered magneti domains (see the snapshot of Figure 7 taken for t = 1ms).
Due to the very low density of broken bonds in the bulk, the damage annot propagate and beomes quikly healed
(see the snapshot of Figure 7 taken for t = 5ms) while a small fration of the initially reated damage still remains
at the interfae (see the snapshot of Figure 7 taken for t = 28ms). Sine the initial damage is distributed along the
line one has D(t = 0) ∼ L−1, in agreement with the equispaed interepts shown in Figure 5 for t = 0. However, at
tmin one has only few damaged sites along the enter of the interfae, so one expets D(tmin) ∼ L
−2
, a result that
is orroborated by the numerial data as shown in the inset of Figure 5. Summing up, the initial derease of the
damage is due to damage healing in the bulk.
After reahing tmin one observes the growth of the damage. This behavior an be better observed in the saled
plot of Figure 6 that attempts to ollapse all urves orresponding to dierent latties. Reall that a perfet
ollapse annot be ahieved not only due to the existene of prefators but also beause D(t = 0) ∼ L−1 while
D(tmin) ∼ L
−2
. However, the saling plot of Figure 6 is useful in order to learly show the power-law divergene of
the damage above tmin. Here, two well-dened regions an also be distinguished (reall that these regions beome
also evident in Figure 5).
2) For t > tmin the damage inreases aording to equation (13) and the best t for the data gives η
∗ = 0.89(1)
(see the dashed line in Figure 6). It is worth mentioning that this exponent is in good agreement with our previous
measurement of damage spreading along the interfae in the strip geometry (see Figure 1) at the wetting transition,
whih yields ηWT = 0.91(1) [42℄. So, we onlude that the ritial inrease of the damage, whih takes plae for
tmin < t < tcross, where tcross is the rossover time to a third regime that will be disussed below, is due to the
propagation of damage along the spin up-spin down interfae harateristi of the lling transition. This statement is
further onrmed by the snapshot onguration shown in Figure 7 for t = 500ms. Then, one has that the exponent
desribing the propagation of the damage along the interfae between magneti domains of opposite magnetization
is given by ηI = 0.90(2), where the error bars are large enough to aount for the fat that ηI = ηWT = η∗. Our
ndings are also onsistent with the fat that the propagation of damage along the interfae may be independent
of the nature of the studied phenomena - wetting or lling - provided that the measurements are performed at
ritiality.
3) Let us now disuss the propagation of damage after the rossover time tcross. Here, a power law is also observed
(see the dotted line in Figure 6) but the best t of the data aording to equation (13) yields η∗∗ = 0.40(2). This
result, measured at the ritial point, depends neither on L nor on hD(L). So, we onlude that this exponent
haraterizes the propagation of the damage from the interfae into the bulk of the orner geometry (see the snapshot
of Figure 7 taken for t = 50000ms). At this latter stage the propagation of the damage along the interfae has
eased due to the onstraint imposed by the orner geometry and one observes a slower propagation (ηI > η∗∗) into
the bulk adjaent to the interfae. Also notie that the damage generated along the interfae and lose to it follows
the utuations of the atual position of the interfae.
Of ourse, during the seond time regime (tmin < t < tcross) the damage does not stritly propagate along the
interfae only, sine one also expets the onset of propagation in the diretion perpendiular to it. However, due to
the fat that the magnitudes of the exponents are quite dierent, this eet is no longer observed in the simulations.
After disussing the dynamis of the damage, we will like to fous our attention on the loation of the damage
spreading ritial points in order to draw the orresponding phase diagram. For this purpose, note that the best
t of the power-law behavior aording to equation (13) - within the long-time behavior for t > tcross - allows us
to identify the size-dependent ritial eld (hD(L)) for a given temperature (see e.g. Figure 5 that orresponds to
T = 0.80TC). It is well known that in numerial simulations, performed by using nite samples, "ritial" points
are shifted and rounded due to nite size eets. So, as in the ase of the wetting transition [8℄, we propose the
following Ansatz for the shifting of the damage-healing ritial point
hD(L)− hD(∞) ∼ L
−γ , T=onstant (14)
where γ is an exponent and hD(∞) is the true ritial eld in the thermodynami limit.
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The best ts for the data orresponding to four dierent temperatures, as shown in Figure 8, were obtained by
taking γ = 2. The extrapolated values of the ritial eld are listed in Table 1 that also inludes, for the sake of
omparison, the ritial elds obtained by solving the exat solution of the orner-lling phase diagram [3, 4℄ given
by equation (2).
T/TC hD(∞) eq. (14) hf (∞) eq. (1)
0.75 0.400± 0.005 0.3975
0.80 0.360± 0.005 0.3505
0.90 0.245± 0.005 0.2411
0.95 0.175± 0.005 0.1683
Table I. Critial eld for damage spreading (hD(∞)) obtained by extrapolation to the thermodynami limit
with the aid of equation (14). The third olumn orresponds to exat values of the ritial eld orrespondig to the
lling transition as obtained by using equation (2).
As follows from Table 1 and Figure 3, the ritial points for damage spreading in the orner geometry are
indistinguishable from those of the exat solution of the lling transition (within error bars). This result is in
ontrast with our previous studies lose to the wetting transition in a strip geometry where one has hD(∞) < hw(∞)
(see also Figure 3) and the damage spreading transition is loated in the nonwet phase of the phase diagram. We
expet that this behavior may be due to geometrial onstraints imposed by the orner array. In fat, in the strip
geometry and for h < hw(∞) one has that the interfae is still bound to one of the walls. However, even in this
nonwet phase but lose to the wetting transition, the damage propagates along the interfae without geometrial
onstraints. On the other hand, in the orner geometry when the interfae is bound to one orner, the spatial
propagation of the damage is restrited.
In order to gain further insight into the spatiotemporal propagation of the damage we also measured the
probability distribution of the distane from the damage zone to the orner (P (lD0 )). The distribution was evaluated
along the diagonal of the sample as shown in Figure 2. Figure 9 shows a summary of the obtained results.
For h ≪ hf (∞) (e.g. h = 0.20) the distribution is almost at with two small peaks lose to the orners.
Approahing the transition by inreasing the eld these peaks develop and beome slightly shifted toward the
enter of the sample (e.g. h = 0.21 and h = 0.22 in Figure 9). This double-peaked struture indiates that the
damage remains bound to eah orner with the same probability as expeted for the ase of the nonwet phase. On
the other hand, for h ∼ hf (∞) (e.g. h = 0.23, 0.24 in Figure 9) the distribution beomes a Gaussian entered along
the middle of the sample. The Gaussian struture of P (lD
0
) remains even for h ≫ hf (∞) (e.g. h = 0.30 in Figure
9).
It is also very useful to ompare P (lD
0
) with the probability distribution of the position of the interfae between
domains of opposite magnetization P (l0). Figure 10 shows plots of both P (l
D
0 ) and P (l0) obtained far below the
lling transition. One observes that for the domain interfae P (l0) deays exponentially, as expeted aording
to equation (9), indiating that for this set (h, T ) suh an interfae is strongly loalized lose to eah orner with
the same probability. On the other hand, while the interfae of the damage is still bound, its average position lies
further apart from eah orner, as evidened by the double-peaked struture of P (lD
0
) (see Figure 10). So, Figure
10 provides lear evidene that the damage is loated in the neighborhood of the interfae between domains but
slightly shifted toward the bulk of the sample, or more speially within the largest domain.
Close to the lling transition (Figure 11) one has that the interfae between domains exhibits a at distribution,
as expeted from equation (10), indiating that the interfae ould be found at any plae of the sample. However,
P (lD0 ) exhibits a single peak entered at the middle of the sample reeting the inertia of the damage in order to
follow the displaement of the interfae. Furthermore, the abrupt deay of the damage lose to the orners, whih
is evidened in both Figures 10 and 11, is due to the healing eet aused by the neighboring magneti elds. This
eet prevents the damage from approahing the orners ating as an eetive repulsive eet. Also, this result is
onsistent with our previous onlusion that the damage is essentially loated within the largest magneti domain.
Finally, within the wet phase both P (lD0 ) and P (l0) are entered around the diagonal of the sample (see Figure
12) in agreement with the fat that the interfae is deloalized .
The main onlusions that follow from the omparison between P (lD
0
) and P (l0) (see Figures 10, 11, 12) are, on
the one hand, the operation of an eetive repulsion of the damage at the orners where the elds have the same sign,
and, on the other hand, that the damage beomes attahed to the interfae but preferentially loated toward the
largest domain. These results are in ontrast to previous observations performed by studying the spreading of the
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damage lose to the wetting transition using the strip geometry where the damage was uniformly and symmetrially
distributed along the interfae between ompeting domains [42℄. We expet that this dierene between orner and
strip geometries may explain the fat that for the former the phase diagram for damage spreading mathes that of
orner lling (Figure 3) while for the latter the damage ritial points lie within the nonwet phase (Figure 3).
Let us now reall that, within the wet phase, the Gaussian distribution of the interfae prole (equation (11))
translates into a Gaussian distribution of the magnetization m given by [29℄
PL(m) ∝ exp(−
m2L2β
2χL
) (15)
where χL is the magneti suseptibility and β = 1/kT is the Boltzmann fator. Equation (15) simply reets the
fat that the interfae is loated, on average, along the diagonal of the sample, the magneti domains of dierent
magnetization having the same average size. On the other hand, the suseptibility diverges with the lattie size
aording to χL ∝ 〈M
2〉 ∝ L [29℄. In view of these fats we also measured the width of the Gaussian distributions
P (lD0 ) (see the full line in Figure 12) within the wet phase, given by 〈s
2
D〉. The inset of Figure 13 shows log-log
plots of 〈s2D〉 versus [h− hf ] obtained by keeping T = 0.90TC onstant and for dierent lattie sizes. A preliminary
inspetion shows that 〈s2D〉 inreases when the eld approahes the ritial value, as well as when larger latties
are onsidered, suggesting that 〈s2D〉 ∼ χL, within the wet phase. In order to test this observation, it is worth
mentioning that starting from the distribution of the magnetization (equation (15)) it is possible to obtain the
standard relationship between the suseptibility and the utuations of the order parameter given by [29℄
kBTχ = L
2(〈m2〉 − 〈|m|〉2) = L2 · χ˜(Lε), (16)
where |m| is the absolute value of the magnetization, χ˜(z) is a saling funtion, and ε = (hf − h). On the other
hand, within the wet phase, one has ε < 0 and 〈|m|〉 = 0 (at least in the thermodynami limit). Then, if the
proposed proportionality (〈s2D〉 ∼ χL) holds, one would have
〈s2D〉 ∼ L
2 · f˜(Lε), (17)
where f˜ is a saling funtion. Figure 13 shows the orresponding saling plot (s2D〉L
−2
versus L(h−hf)) as obtained
by using the data of the main panel. By onsidering the involved errors and the relatively small samples that an be
simulated with our omputational resoures, we onlude that the ollapse is aeptable and most likely equation
(17) should hold.
4 Conlusions
We studied the spreading of damage in the two-dimensional Ising Model onned in a orner geometry with a
ompeting (short-range) magneti eld ating on the surfaes (see Figure 2). By onsidering initial damage, reated
along one diagonal of the sample, in the diretion perpendiular to the interfae between domains of opposite
magnetization originated by the applied elds, we onlude that the dynamis of damage spreading exhibits three
harateristi regimes: i) For short times, one observes the healing of the damage reated in the bulk of the
domains. However, at the ritial damage spreading point, a small luster of damaged sites always survives lose to
the interfae. ii) This small luster propagates along the interfae aording to a power-law behavior D(t) ∝ tη
∗
,
with η∗ = 0.89(1). By omparing the results of the present work and those already published [42℄ for the spreading
of damage along the interfae at the wetting transition, we onlude that the exponent ηI = 0.90(2) desribes the
ritial propagation of the damage along magneti interfaes. iii) Finally, due to the onstraint imposed by the
orners where magneti elds of opposite diretion meet, the damage no longer propagates along the surfae but
starts to slowly spread into the bulk of the domains. Within this regime one has D(t) ∝ tη
∗
∗
, where η∗∗ = 0.40(2)
is the exponent desribing the spreading of the damage in the bulk.
We loated the damage spreading transition by proper extrapolation to the thermodynami limit. It is found
that, within error bars, the phase diagram oinides with that of the orner lling transition. This result is in
ontrast to the previous study of the wetting transition where the damage spreading transition lies within the wet
phase. This dierene an be understood on the basis of the onstraint imposed by the eld ating at the orners,
ausing a repulsive eet on the damage. This repulsive eet is niely observed in measurements of the probability
distribution of the damaged area within the nonwet phase. Finally, in the wet phase the distribution of the damage
is Gaussian and ist width sales as the utuations of the magnetization.
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We hope that this study will ontribute to the understanding of the propagation of magneti perturbations along
magneti interfaes, as well as to the understanding of more omplex damage spreading transitions that depart from
the universality lass of direted perolation.
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Figure 1: Strip geometry of size L ×M . The surfae magneti elds of dierent orientations applied at the upper
(bottom) rows of the lattie are indiated by + (−) signs. Notie that periodi (open) boundary onditions are
assumed along the x (y) axis. See notation and further details in the text.
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Figure 2: Corner geometry of size L × L. The signs + and − indiate the surfaes where the ompeting surfae
magneti elds are applied. In this ase, the boundary onditions are open for all sides of the sample. See notation
and further details in the text.
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Figure 3: Phase diagram of h versus T/TC. The dashed line orresponds to the wetting transition (equation (1))
while the full line orresponds to the orner lling transition (equation (2)). The irles are obtained for damage
transition at the strip geometry [42℄ and are shown for the sake of omparison. The squares orrespond to the
results obtained in the present work for the damage spreading transition at the orner geometry.
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Figure 4: Log-log plot of damage (D(t)) as a funtion of time. Results obtained for dierent values of the surfae
magneti elds h, as listed in the gure. The simulations were performed by using a lattie of size L = 256 and for
T = 0.80TC. The dashed line has slope η
∗∗ = 0.40.
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Figure 5: Log-log plot of D(t) versus t, obtained for T = 0.80TC and at the size-dependent ritial magneti eld
hD(L): hD(L = 256) = 0.355, hD(L = 512) = 0.3675, hD(L = 1024) = 0.37, and hD(L = 2048) = 0.38. The
dashed line has slope η∗ = 0.89 and the dotted line has slope η∗∗ = 0.40. The dashed-dotted line shows the slight
dependene of the minimun value of the damage (D(tmin)) on L. The inset shows a linear-linear plot of D(tmin)
versus L−2.
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Figure 6: Saling plot (D(t) · L2 versus t) of the data shown in Figure 5. The departure of the data observed for
t → 0 is onsistent with the initial ondition involving the generation of a damaged line with D(0) ∼ L−1. The
dashed line has slope η∗ = 0.89 and the dotted line has slope η∗∗ = 0.40.
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Figure 7: (a) Snapshots of equilibrium ongurations obtained at T = 0.8TC , h = 0.37, L = 256, and dierent times
from top to bottom: t = 1 ms, t = 5 ms, t = 28 ms, t = 500 ms, and t = 50000 ms. (b) Snapshot pitures of
the damaged sites obtained from the latties shown in (a) by applying linear damage along the diagonal. Damaged
sites are shown in blak and undamaged sites are left white.
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Figure 8: Plots of the size-dependent ritial magneti elds of the damage transition hD(L) as a funtion of L
−2
,
as obtained for the temperatures listed in the Figure.
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Figure 9: Plot of probability distribution of the position of the damage P (lD0 ), obtained for L = 128, T = 0.90TC,
and dierent values of surfae magneti eld h, as listed in the gure.
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Figure 10: Probability distribution of the interfae position P (l0) (full line) and damage P (l
D
0 ) (dotted line) along
the y-diretion. Data orresponding to L = 128, T = 0.90TC, and h = 0.22 < hf(∞).
19
0 10 20 30 40 50 60
y - axis
0.00
0.05
0.10
0.15
0.20
P(l0)
Figure 11: Probability distribution of the interfae position P (l0) (full line) and damage P (l
D
0 ) (dotted line) along
the y-diretion, for L = 64, T = 0.90TC, and h = 0.24 ≈ hf(∞).
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Figure 12: Probability distribution of the interfae position P (l0) (squares) and damage P (l
D
0
) (irles) along the
y-diretion, for L = 128, T = 0.90TC, and h = 0.25 > hf (∞). The full line orresponds to the Gaussian t of the
data. The data orresponding to P (l0) were multiplied by a fator of 5 for the sake of larity.
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Figure 13: Width of the distribution of damage (P (lD
0
)) 〈s2D〉 versus [h − hf ], obtained at T = 0.90TC and within
the wet phase. Results orresponding to dierent values of the lattie size L, as indiated in the Figure. Inset:
Collapse of the data aording to equation (17) .
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